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CHARGING APPARATUS OF BICYCLE DYNAMO 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a charging apparatus of a bicycle dynamo. In 
particular, the present invention relates to a charging apparatus that is charged by a voltage 
generated by a bicycle dynamo to allow efficient and stable charging when a dynamo 
output changes without a steady travel speed. 
Background Information 

[0002] In recent years, some bicycles are equipped with an automatic transmission. 
An electrically-driven transmission has been used as the automatic transmission of the 
bicycles. These types of bicycle are usually equipped with a dynamo for driving the 
electrically-driven transmission as well as a charging system for charging a storage device 
from a voltage generated by the dynamo. Because the voltage generated by the dynamo is 
an alternating current voltage, half-wave rectification or full-wave rectification is 
performed in the charging system. 

[0003] However, a voltage generated from the dynamo for bicycle fluctuates, i.e., 
increases or decreases, depending on the travel speed of the bicycle. For example, when 
the bicycle is traveling at a low speed, a voltage generated by the dynamo is small. In 
such a case, there is a chance that a sufficient voltage cannot be supplied to electrical 
components of the bicycle, such as an electrically driven transmission, and thus, there is a 
risk that these components will malfunction. 

[0004] In view of the above, Japanese Laid-Open Patent Publication No. 2002-262473 
discloses a voltage-doubling rectifier circuit used to charge an electric power from a 
dynamo and supply stable electrical power to electrical components of a bicycle. 
[0005] Moreover, a charging apparatus of a bicycle dynamo is preferably configured 
and arranged to obtain stable electrical power using a simple circuit. Figure 5 shows one 
example of the simple circuit configuration of a conventional half-wave voltage-doubler 
circuit. More specifically, a charging circuit with the half-wave voltage-doubler circuit 
shown in Figure 5 basically comprises a capacitor CI used as a charging element, a pair of 
diodes Dl and D2 connected between a dynamo GE for a bicycle and the capacitor CI, 
and a capacitor C2 connected between a connection point of the diodes Dl and D2 and a 
second terminal of the dynamo GE. 
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[0006] In the circuit shown in Figure 5, the capacitor C2 is charged by the output of 
the dynamo GE through the diode D2 during the negative (-) half-cycle of the output of 
the dynamo GE. During the inverse half-cycle, the electrical charge stored in the capacitor 
C2 is supplied to the capacitor CI through the diode Dl to charge the capacitor CI. This 
configuration makes it possible to obtain an output voltage VI of the capacitor CI that is 
higher than the peak voltage of the dynamo GE. 

[0007] However, since the output frequency in the dynamo GE changes depending on 
the speed at which the bicycle is traveling, it is difficult to determine an optimum capacity 
for the capacitor C2. Depending on the capacity of the capacitor C2, an electrical charge 
at the opposite polarity will be stored in the capacitor C2 during the inverse half-cycle 
while the capacitor C2 is discharging. In such a case, charging the capacitor C2 during the 
next half-cycle will require more time, and thus, charging the capacitor C2 cannot be 
performed efficiently. 

[0008] In view of the above, it will be apparent to those skilled in the art from this 
disclosure that there exists a need for an improved charging apparatus for a dynamo for a 
bicycle. This invention addresses this need in the art as well as other needs, which will 
become apparent to those skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 
[0009] One object of the present invention is provide a charging apparatus for a 
bicycle dynamo that efficiently and stably charges a capacitor when the output of the 
dynamo changes when the travel speed of the bicycle is not stable. 
[001 0] Another object of the present invention is to provide a charging apparatus of 
dynamo for bicycle that efficiently and stably charges a capacitor using a simple circuit 
configuration. 

[001 1 ] In order to achieve the above objects, a charging apparatus of a bicycle dynamo 
is provided that basically comprises a charging element, a half-wave charging element, a 
first charging circuit, and a second charging circuit. The charging element is configured 
and arranged to store electrical energy generated by the dynamo. The half-wave charging 
element is configured and arranged to be charged with an electrical charge supplied by an 
output of the dynamo during a first half-cycle of the output of the dynamo. The first 
charging circuit is configured and arranged to supply the electrical charge stored in the 
half-wave charging element to the charging element during a second half-cycle of the 



output of the dynamo. The second charging circuit is configured and arranged to supply 
the output of the dynamo to the charging element when a voltage stored in the half-wave 
charging element is equal to or less than a prescribed voltage during the second half-cycle 
of the output of the dynamo. 

[0012] These and other objects, features, aspects and advantages of the present 
invention will become apparent to those skilled in the art from the following detailed 
description, which, taken in conjunction with the annexed drawings, discloses preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 3] Referring now to the attached drawings which form a part of this original 
disclosure: 

[0014] Figure 1 is a partial side elevational view of a bicycle equipped with a cycle 
computer, a front bicycle dynamo hub, and a charging apparatus that is operatively and 
electrically coupled to the cycle computer and the front bicycle dynamo hub in accordance 
with a first embodiment of the present invention; 

[0015] Figure 2 is an electrical schematic diagram of a charging apparatus for a 
bicycle dynamo in accordance with the first embodiment of the present invention; 
[0016] Figure 3 is a diagrammatic chart showing voltage and current waveforms to 
describe the operation of the charging apparatus for the bicycle dynamo in accordance 
with the first embodiment; 

[0017] Figure 4 is an electrical schematic diagram of a charging apparatus of for a 
bicycle dynamo in accordance with a second embodiment of the present invention; and 
[0018] Figure 5 is an electrical schematic diagram of a conventional charging 
apparatus for a bicycle dynamo. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0019] Selected embodiments of the present invention will now be explained with 
reference to the drawings. It will be apparent to those skilled in the art from this 
disclosure that the following descriptions of the embodiments of the present invention are 
provided for illustration only and not for the purpose of limiting the invention as defined 
by the appended claims and their equivalents. 

[0020] Referring initially to Figures 1 and 2, a front portion of a bicycle 10 is 
illustrated in Figure 1 that is equipped with a cycle computer 12 and a front bicycle 
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dynamo hub 14, one of which preferably includes a charging apparatus 16 that is 
illustrated in Figure 2 in accordance with a first embodiment of the present invention. The 
charging apparatus 16 is operatively and electrically coupled to the cycle computer 12 and 
the front bicycle dynamo hub 14. The charging apparatus 16 is built into the cycle 
computer 12 and/or the front bicycle dynamo hub 14, or alternatively, the charging 
apparatus 16 is housed as a separate component that is operatively and electrically coupled 
to the cycle computer 12 and the front bicycle dynamo hub 14. The cycle computer 12 is 
operatively and electrically coupled to an electronic/automatic front deraiUeur 18 and an 
electronic/automatic rear deraiUeur 20 to electronically/automaticaUy shift the bicycle 10. 
[0021] The cycle computer 12, the front bicycle dynamo hub 14 the 
electronic/automatic front derailleur 18 and the electronic/automatic rear deraiUeur 20 are 
conventional components that are well known in the art, except for the addition of the 
charging apparatus 16 of the present invention. Since these components are weU known in 
the art, the precise construction of these components will not be discussed or illustrated in 
detail herein. 

[0022] Figure 2 shows an electrical schematic diagram of the charging apparatus 16 of 
the first embodiment. The charging apparatus 16 of the present invention is configured 
and arranged to be charged from the output voltage of a dynamo GE (generator) of the 
front bicycle dynamo hub 14. Thus, the dynamo GE is preferably a hub dynamo that is 
installed inside the front wheel of a bicycle. The charging apparatus 16 of the present 
invention basically comprises a first capacitor CI (first electrical storage device), a second 
capacitor C2 (second electrical storage device), a first diode Dl, a second diode D2 and a 
third diode D3. The first capacitor CI preferably constitutes a charging element. The 
second capacitor C2 preferably constitutes a half-wave charging element that is charged 
during one half-cycle (first half-cycle) of the output of the dynamo GE. The diodes Dl 
and D3 preferably constitute first and second charging circuits. The second diode D2 is 
configured and arranged to charge the second capacitor C2 from the voltage of the 
dynamo GE during the first half-cycle of the output of the dynamo GE. 
[0023] One end of the second capacitor C2 is connected to the dynamo GE, and the 
other end of the second capacitor C2 is connected to the first capacitor CI through the first 
diode Dl . The anode of the first diode D 1 is connected to the second capacitor C2, and 
the cathode of the first diode Dl is connected to the first capacitor CI. The anode of the 
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second diode D2 is connected to the dynamo GE and the cathode of the second diode D2 
is connected to the second capacitor C2 and to the anode of the first diode Dl . The anode 
of the third diode D3 is connected to the dynamo GE and the cathode of the third diode D3 
is connected to the first capacitor CI . 

[0024] The operation of the charging apparatus 16 of the present invention will now be 
described. It is assumed that the capacitors CI and C2 are initially empty. First, during 
the negative or first half-cycle of the output of dynamo GE, the current flows over the 
following path (1): the dynamo GE — » the second diode D2 — ► the second capacitor C2. 
This current flow results in charging of the second capacitor C2. The voltage across the 
second capacitor C2 reaches approximately the dynamo output peak voltage of 0.6 V. 
Thus, in the charging apparatus 16 of the first embodiment, the output of the dynamo GE 
charges the second capacitor C2 through the second diode D2 during a first half-cycle of 
the output of the dynamo GE. 

[0025] During the positive or second half-cycle of the output of the dynamo GE and 
when the charged voltage in C2 is over the prescribed voltage, the current flows over the 
following path (2): the second capacitor C2 -» the first diode Dl — the first capacitor CI 
(this is the first charging circuit). In other words, the first diode Dl is open and the third 
diode D3 is closed. This current flow results in charging of the first capacitor CI from the 
electrical charge or energy stored in the second capacitor C2. Moreover, during the 
positive or second half-cycle of the output of the dynamo GE and when the charged 
voltage in C2 is over the prescribed voltage, the current from the dynamo GE charges the 
second capacitor C2. 

[0026] During the positive or second half-cycle of the output of dynamo GE and when 
the charged voltage in C2 is lower than the prescribed voltage, the current flows over the 
following path (3): the dynamo GE — ► the third diode D3 — ► the first capacitor CI (this is 
the second charging circuit). In other words, the first diode Dl is now closed and the third 
diode D3 is now opened. This current flow results in charging of the first capacitor CI 
from the electrical charge or energy generated by the dynamo GE. 
[0027] Thus, during a second half-cycle of the output of the dynamo GE, the electrical 
charge that was previously charged in the second capacitor C2 is first supplied to the first 
capacitor CI . If the electrical charge of the second capacitor C2 is discharged during the 
second half-cycle below a specified voltage, then the output of the dynamo GE is supplied 



to the first capacitor CI through the diode D3. In other words, the first capacitor CI is 
initially charged by the electrical charge stored in the second capacitor C2 during the 
initial part of the second half-cycle of the output of the dynamo GE. However, when the 
speed at which the bicycle is traveling is low, there is a chance that the charging voltage of 
the second capacitor C2 may be discharged below a specified voltage during the second 
half-cycle. In such a case, the charging apparatus 16 of the present invention is configured 
and arranged to supply the output of the dynamo GE to the first capacitor CI through the 
diode D3 when the charging voltage of the second capacitor C2 is equal to or less than a 
specified voltage. Accordingly, with the charging apparatus 16 of the present invention, 
an even higher charging voltage can be obtained and stabilized. 
[0028] Moreover, in the first embodiment of the present invention, during the first 
half-cycle, the output of the dynamo GE is supplied to the second capacitor C2 through the 
second diode D2 to charge the second capacitor C2. Then, in the second half-cycle, the 
electrical charge of the second capacitor C2 is supplied to the first capacitor CI through 
the first diode Dl . Moreover, during the second half-cycle of the output of the dynamo 
GE, when the voltage charged in the second capacitor C2 is equal to or less than the 
prescribed voltage, the output of the dynamo GE is supplied to the first capacitor CI 
through the third diode D3. Accordingly, loss can be reduced using this simple circuit 
configuration and an efficient charge can be performed by charging through one diode at 
once. 

[0029] In addition, the charging apparatus 16 of the present invention further 
comprises a FET (Field Effect Transistor) or a transistor Ml that is configured and 
arranged to cut off the supply of voltage to the first capacitor CI when the charging 
voltage of the first capacitor CI is equal to or more than a predetermined value. The 
transistor Ml preferably constitutes a switch circuit. The transistor Ml is connected 
between the cathodes of the first and third diodes Dl and D3 and the first capacitor CI. A 
fixed control voltage is applied to a gate terminal of the transistor Ml to turn on the 
transistor Ml . As is well known for such transistors, if the electric potential at the gate 
terminal of the transistor M 1 is higher than that at the source by more than a 
predetermined level, the transistor Ml switches on. When the electric potential difference 
between the gate terminal and the source of the transistor Ml becomes equal to or less 
than a prescribed electric potential difference, the transistor Ml will turn off. Thus, 
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overcharging of the capacitor CI can be prevented. In other words, the transistor Ml is 
configured and arranged to cut off connections between first and third diodes Dl and D3 
and the first capacitor CI when the charging voltage of the first capacitor CI is equal to or 
more than the predetermined value. Accordingly, overcharging of the first capacitor CI 
can be prevented, and thus, the electrical components of the bicycle can be protected. 
[0030] Referring now to the waveform diagram shown in Figure 3, the operation of 
the charging apparatus 16 in accordance with the first embodiment will be described 
referring to these waveforms. The waveform diagram of Figure 3 shows examples of 
voltage and current waveforms with the above explained configuration of the charging 
apparatus 16 of the first embodiment. More specifically, Figure 3 shows an output voltage 
waveform of the dynamo GE (V G e :solid line), a voltage waveform at both ends of the 
second capacitor C2 (V C2 : dash-dot line), a current waveform that flows through the first 
diode Dl (I D i:dash-dot-dot line), and a current waveform that flows through the third 
diode D3 (^broken line). The abscissa is the time axis. 

[003 1 ] When the output of the dynamo GE is negative, (the first half-cycle of the 
output of the dynamo GE), the output of the dynamo GE is supplied to the second 
capacitor C2 through the second diode D2 to charge the second capacitor C2. The voltage 
at both ends of the second capacitor C2 at this time is shown as a waveform V C 2 in Figure 
3. 

[0032] Then, when the output of the dynamo GE changes to positive, (second half- 
cycle of the output of the dynamo GE), the electrical charge stored in the second capacitor 
C2 during a previous cycle when the output was negative (the first half-cycle) is supplied 
to the first capacitor CI through the first diode Dl . The current I m that flows through the 
first diode Dl at this time is waveform I D i shown in Figure 3. 
[0033] Moreover, during the second half-cycle, when the electrical charge of the 
second capacitor C2 is discharged and the electric potential difference at both ends of the 
first diode Dl becomes equal to or less than approximately 0.6 V, the first diode Dl will 
turn off and the current I D i will become zero (0). In this timing, the second capacitor C2 is 
charged at a polarity opposite to the previous cycle and the electric potential difference at 
both ends of the third diode D3 will become equal to or more than 0.6 V. Therefore, the 
third diode D3 will turn on. In other words, the first diode Dl turns off and the third diode 
D3 turns on at point P of the timing of Figure 3. The waveform of the current I D3 that 
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flows through the third diode D3 is as shown in Figure 3. Thus, the output of the dynamo 
GE is supplied to the first capacitor CI through the third diode D3. 
[0034] Accordingly, the first capacitor CI is efficiendy and stably charged by the 
output of the dynamo GE. Moreover, as mentioned above, a fixed control voltage is also 
applied to the gate terminal of the transistor Ml . When the electric potential difference 
between the gate terminal and the source of the transistor Ml becomes equal to or less 
than a prescribed electric potential difference, the transistor Ml will turn off. Thus, 
overcharging of the capacitor CI can be prevented. 

SECOND EMBODIMENT 
[0035] Referring now to Figure 4, a charging apparatus 1 16 of dynamo for bicycle in 
accordance with a second embodiment will now be explained. In view of the similarity 
between the first and second embodiments, the parts of the second embodiment that are 
identical to the parts of the first embodiment will be given the same reference numerals as 
the parts of the first embodiment. Moreover, the descriptions of the parts of the second 
embodiment that are identical to the parts of the first embodiment may be omitted for the 
sake of brevity. 

[0036] Figure 4 shows an electrical schematic diagram of a charging apparatus 1 16 in 
accordance with the second embodiment of the present invention. As seen in Figure 4, the 
second embodiment of the present invention differs from the first embodiment in that the 
transistor Ml is provided with a switch drive circuit or a half-wave voltage doubler circuit 
that is configured and arranged to operate the transistor Ml by using the output of the 
dynamo GE. More specifically, the half- wave voltage doubler circuit is provided to turn 
on the transistor Ml when the voltage charged in the first capacitor CI is not sufficient. 
Thus, since the transistor Ml is driven by the output of the dynamo GE, a separate power 
supply, such as a battery, is not required to operate the transistor Ml. 
[0037] For example, in the circuit of the first embodiment of the present invention 
explained above, the transistor Ml is required to be turned on in order to charge the first 
capacitor CI . In order to turn on the transistor Ml , a control voltage is required be applied 
to the gate of the transistor Ml . The control voltage is required to be equal to or higher 
than the sum of voltage V C i at both ends of the first capacitor CI and the voltage required 
to turn on the transistor Ml . However, when the voltage charged in the first capacitor CI 
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is not sufficient, a sufficient control voltage cannot be applied to the gate of the transistor 
Ml, and thus, it is necessary to provide a separate power supply, such as a battery. 
[0038] In the second embodiment of the present invention, the control voltage applied 
to the gate of the transistor Ml is produced by providing the half-wave voltage doubler 
circuit for switching, as seen in Figure 4. More specifically, the half-wave voltage doubler 
circuit for switching basically comprises a fourth capacitor C4 (switching charging 
element), a third capacitor C3 (switching half-wave charging element), a pair of (fourth 
and fifth) diodes D4 and D5, and a pair of-resistors Rl and R2. One end of the third 
capacitor C3 is connected to the dynamo GE and the other end is connected to the cathode 
of the fourth diode D4. The anode of the fourth diode D4 is connected to the dynamo GE. 
The fifth diode D5 is connected in the forward direction between the third capacitor C3 
and the fourth capacitor C4. The resistor R2 is connected in series to the fifth diode D5. 
The resistor Rl is connected between the fourth capacitor C4 and the transistor Ml . 
[0039] Thus, in the charging apparatus 1 16 of the second embodiment, the output of 
the dynamo GE charges the third capacitor C3 during the first half-cycle of the output of 
the dynamo GE. In contrast, during the second half-cycle of the output of the dynamo GE, 
the electrical charge charged in the third capacitor C3 is supplied to the fourth capacitor 
C4. Thus, a stable switching voltage can be obtained using the output of the dynamo GE. 
[0040] hi order to turn ON the transistor Ml at this point, each of the specifications 
must be determined to satisfy the following Equation 1 . 
[0041] Vci + V m ioN + Ri * In < V C 4 Equation 1 

[0042] hi Equation 1 , the voltage V C i is the voltage at both ends of the first capacitor 
CI, the voltage V m i 0 N is the voltage required to mm on the transistor Ml, the resistance Ri 
is the resistance value of the resistor Rl, the current In is the current that flows through the 
resistor Rl, and the voltage V C 4 is the voltage at both ends of the fourth capacitor C4. 
[0043] Then, with the half-wave voltage double circuit for switching, the overcharging 
of the first capacitor CI is prevented and the voltage VI is stabilize by applying a control 
voltage Vcont that satisfies the following Equation 2 to the gate of the transistor Ml . 
[0044] VI = V C i = Vcont = V m ioN Equation 2 

[0045] Other circuit configurations of the charging apparatus 1 16 in accordance with 
the second embodiment are identical to the circuits of the first embodiment. 
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[0046] As described above, the present invention makes it possible to obtain a stable 
charging voltage using a circuit with a simple configuration even when using a dynamo 
for a bicycle that does not have a stable output voltage. 

[0047] The term "configured" as used herein to describe a component, section or part 
of a device includes hardware and/or software that is constructed and/or programmed to 
carry out the desired function. 

[0048] The terms of degree such as "substantially", "about" and "approximately" as 
used herein mean a reasonable amount of deviation of the modified term such that the end 
result is not significantly changed. For example, these terms can be construed as including 
a deviation of at least ± 5% of the modified term if this deviation would not negate the 
meaning of the word it modifies. 

[0049] This application claims priority to Japanese Patent Application No. 2002- 
304048. The entire disclosure of Japanese Patent Application No. 2002-304048 is hereby 
incorporated herein by reference. 

[0050] While only selected embodiments have been chosen to illustrate the present 
invention, it will be apparent to those skilled in the art from this disclosure that various 
changes and modifications can be made herein without departing from the scope of the 
invention as defined in the appended claims. Furthermore, the foregoing descriptions of 
the embodiments according to the present invention are provided for illustration only, and 
not for the purpose of limiting the invention as defined by the appended claims and their 
equivalents. Thus, the scope of the invention is not limited to the disclosed embodiments. 
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